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Abstract 
This paper assesses how the widely perceived changes in the economy and society of China 
will affect future land use at the regional level. It also shows the consequences of these 
changes on future inter-regional and international trade flows of land-based products. In 
order to conduct an integrated and consistent assessment, we develop a mixed input-output 
model characterized by strong biophysical linkages and the incorporation of supply-con-
straints to the major land-consuming sectors. The spatial aspect of the assessment is provided 
by a number of fairly large and detailed geographical databases implemented in a geograph-
ical information system, including biophysical attributes of land and demographic distribu-
tion. © 2001 Elsevier Science B.V. All rights reserved. 
JEL class{fication: C67; N55; 033 
Keyll'ords: Input - output models; Geographical information system (GIS); Scenario analysis; China; 
Land use change 
1. Introduction 
Land availability is crucial for China's food security and economic development. 
Although China has a total area of some 960 million ha, which is the third largest 
in the world, only about 14.8% are cultivated with field crops and horticultural 
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products. Primary farmland is located mainly in the same geographic areas 
where population and major economic activities have been concentrated . 
About one billion people (out of China's population of 1.3 billion) are concentrated 
in less than one third of the land area . The eastern region (Yangtze Delta) , 
Sichuan, and the urban conglomerations along the eastern coast are the main 
population centers. These coastal areas are also the ones experiencing the highest 
growth rates in the economy. In several eastern provinces, settlement areas cover 
already more than 10% of the total land and are further expanding. Cropland areas 
are shrinking due to both urban sprawl and growing land requirements of villages, 
rural industries, and infrastructure. On balance, China lost some 980 000 ha of 
cultivated land to construction activities between 1988 and 1995 (Fischer et al., 
1998). 
China's food security can also be threatened by losses of cultivated land due to 
disasters, soil erosion, and chemical and physical deterioration . Agricultural over-
exploitation and industrial pollution also exacerbate these degradation problems. 
Although there have been controversies over the issues of food demand and supply 
in China for the next 30 years (Chen et al., 1996; Huang and Rozelle, l 997a), there 
appears an agreement that arable land Joss and land degradation are undermining 
China's food production capacity (e .g. Gardner, 1996; Rozelle and Huang, 1997). 
In the case of forestland and grassland over-exploitation and degradation might be 
even more severe (Fischer et al., 1996; Liu, 1998). 
Another trend in land use is agricultural restructuring represented by the 
transformation of cropland into horticultural land and fishponds . This is a rational 
response to changes in consumer demand and becomes also permitted by institu-
tional and supply-side factors . It has become much more profitable for Chinese 
farmers to grow vegetables and fruit and sell these for market prices rather than to 
produce rice or wheat, which are still regulated by the state's procurement system. 
The conversion of cropland into fishponds and horticultural lands following the 
market-driven restructuring requirements of the agricultural sector would actually 
increase food security. The conversion of cropland into forest and grassland, 
according to the requirement of conserving soil resources and environment, is also 
desirable from a long-term perspective. 
These changes in China's land use pattern reflect changes in the country's 
institutional framework, economy, and society. China has been in the 
transition from a command to a market economy since 1978, resulting in an annual 
real GDP growth rate of about 9.8% between 1978 and 1998. Increase in 
income combined with the migration from rural to urban areas has resulted in 
significant changes in lifestyles. These changes are compounded by China's large 
population. 
In this study, we develop a number of scenarios around the major driving forces 
in China's economy and society, including technical change, income growth, 
changing pattern in consumption and production, urbanization, and pop-
ulation growth. The basic reference year is 1992 and the year for scenario analysis 
is 2025 . 
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In order to assess how changes in the economy and society affect future land use, 
it is necessary to combine biophysical , economic, and societal data. A consistent 
theoretical framework is of fundamental importance for such investigations. In this 
paper, we employ a structural economics framework in which scenarios about 
possible future stages of society, economy, and the environment are embedded. The 
core of our framework is an input- output (1 - 0) model with strong bio-
physical linkages to allow the assessment of land use and land cover change. 
Socioeconomic changes are linked to different types of land via an explicit 
representation of land requirement coefficients associated with specific economic 
activities. In this way, land is treated as explicit factor input. The strong biophysical 
linkages are mainly manifested in the derivation of regional differences of the land 
requirement coefficients and the typical I-0 technical coefficients. In other words, 
while we can stylize certain technological development trends at the national level 
based on a literature survey, their regionalization is not straightforward. We 
create the regionalized linkages based on the Agro-Ecological Zone (AEZ) assess-
ment, a specialized tool based on a Geographical Information System (GIS). In 
addition, the AEZ assessment is also used to derive the future land suitability in 
each region . 
In many studies dealing with similar questions, the focus has been either on a 
small region or on all of China. The small-region models might deliver excellent 
results for the region concerned, but they are unable to deal with the inter-play 
across regions and do not allow any predictions for the national level. Studies 
focussing on the national level usually Jack the capability to tackle regional 
differences and the interaction among regions. Typically, population densities, soil 
and climate conditions, and economic development paces are significantly different 
across regions in a large developing country like China. China can be perceived as 
a group of co-evolving, disparate economies rather than a homogenous entity. On 
one hand, China has fast-developing urban growth centers in the coastal areas and, 
on the other hand, backward rural areas that are each associated with distinct 
income, lifestyle and expenditure patterns. Differing regional growth paths in the 
past might also have considerable path-dependent effects in the future and influence 
the future flow of regional migration due to labor demand of growth centers. 
In this paper, we build our model from the ground up and develop seven regional 
models and then a national one for China. We specify various development paths 
for different regions using data and information available at both the regional and 
national level. Although each regional model is independently developed at the first 
glance, the combination of and communication between regional and national 
models enable us to investigate how the constraints of (immobile) land availability 
in each region might affect the inter-regional trade flow of land-based products. 
This further allows us to evaluate the degrees of land scarcity at both regional and 
national levels and the extent of the necessary land-productivity improvement that 
is desired for keeping the land requirement feasible in the future . As far as we 
know, our modeling is among the very first to set up inter-related regional I - 0 
models for China with strong biophysical linkages explicitly focussing on land use 
change. 
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2. Linking the basic input-output model with biophysical data 
The core of our approach is an I-0 model expanded by a set of land categories. 
The economy is represented by 11 sectors. The land-intensive agricultural sector is 
disaggregated into six sub-sectors. Other sectors include industry, construction, 
transportation, commerce, and services. Final use consists of five categories. They 
are urban and rural household consumption, respectively, government consump-
tion, fixed investment and changes in inventory. The biophysical linkage between 
the economy and the changes in land use and land cover are represented by four 
land categories based on land use suitability classification. 
The rationale why the standard I - 0 framework can be extended to estimate land 
use change can be summarized as follows. In order for the final demand of a given 
sector to expand, the output of other sectors must expand in response to the input 
requirements of the given sector. Since all economic activities consume space, in the 
long-run, in order to achieve significant increases in output, there must be increases 
or changes in land use or land productivity. 
In the standard version, changes in the exogenously given vector of final demand 
(Liy) are driving the economy via a matrix of output multipliers, i.e., the Leontief 
inverse, (I - A) - 1, resulting in changes in sectoral output (Lix ): 
(I - A) - 1 Liy = Lix. (I) 
In order to link land-use changes in economic sectors to those in land categories 
(such as cultivated land, grassland, forestland, etc.), the vector representing changes 
in output (Lix) is pre-multiplied by a diagonal land requirement coefficient matrix 
( C) and a land distribution matrix (R) . The land distribution matrix R gives the 
mapping relationship between land uses in economic sectors and the natural 
categories of land cover, and the attributes in R are the shares of the former in the 
latter. The land requirement coefficient vector (c;) is defined as the ratio of total 
land use in each sector (L) over total sectoral output (x), representing land use in 
hectares per one million Yuan of output of sector j . Coefficient c; is equivalent to 
the inverse of sectoral land productivity (p;), which represents the output in Yuan 
produced on I ha of land . The future land use (L 2025) is the sum of the present land 
uses (L 1992) and the changes in land use (LiL) triggered by the changes in output 
(Lix) as given in Eq . (!). 
LiL = RCLix, 
L 2025=L19n + LiL. 
(2a) 
(2b) 
Standard I-0 models usually assume that the economy instantaneously (i .e. 
within the given statistical year) adjusts to shifts in spending patterns. All produc-
tion activities are assumed to be endogenous and demand-driven, due to the 
assumed excess capacity throughout the economy. Supply is assumed to be perfectly 
elastic in all sectors, and an increase in demand is sufficient to stimulate increases 
in output and incomes. In dealing with land use, however, clearly some sectors will 
not automatically expand or shrink their land requirements in direct proportion to 
K. Hubacek , L. Sun / Structural Change and Economic Dynamics 12 (2001) 367-397 371 
output changes. For instance, they might be unable to do so because of zoning 
regulations or restrictions of land availability. If this is indeed the case, then the 
model derived above will provide multiplier estimates that are unrealistically large 
due to the simple assumption on supply response. A more reasonable assumption 
is that the availability of land restricts the production of goods and services. As a 
consequence, the standard 1-0 model needs to be modified to incorporate supply 
constraints on certain production activities, permitting a more realistic evaluation 
of multiplier effects of injections into the economy. To account for restrictions in 
supply a number of authors have developed models with supply assumed to be 
completely inelastic in some of the sectors (Lewis and Thorbecke, 1992; Miller and 
Blair, 1985; Parikh and Thorbecke, 1996; Subramanian and Sadoulet, 1990). The 
basic setup of these mixed models is given by: 
[Xno] = [p ~ J-l[J Q][~no] Yeo R I 0 s xco (3) 
where the sub-matrices are defined as follows. 1 
P is the k x k matrix containing the elements from the first k rows and the first 
k columns in (I -A), and represents average expenditure propensities of non-
supply constrained sectors. The sectors have been labeled so that the first k 
sectors indicate the endogenous elements and the last (11 - k) sectors are the 
exogenous sectors. 
R is the (11 - k) x k matrix containing elements from the last (11 - k) rows and the 
first k columns of ( - A) and represents average expenditure propensities of 
non-supply constrained sectors on supply constrained sector output. 
Xno is the k-element column vector with elements X1 through Xk;• representing 
endogenous total output of non-supply constrained sectors. 
Yeo is the (11 - k)-element column vector with elements Yk + 1 through Ym repre-
senting endogenous final demand of supply constrained sectors. 
Q is the k x (11 - k) matrix of elements from the last (11 - k) rows and first k 
columns of (A) and represents supply constrained sector expenditure propensities 
on non-supply constrained sector output. 
S is the (11 - k) x (11 - k) matrix of elements from the last (11 - k) rows and 
columns of - (I - A), and represents average expenditure propensities among 
supply constrained sectors. 
Yno is the k-element column vector of elements y 1 through Jk, representing 
exogenous final demand for non-supply constrained sectors. 
Xno is the (11 - k)-element Column vector Of elements Xk +I through Xm represent-
ing exogenous total output for supply constrained sectors. 
In the modified model Eq. (3), changes in exogenous final demand for non-supply 
constrained sectors or changes in exogenous supply for the constrained sectors are 
met by changes in output for the unconstrained sectors and by changes in imports 
and exports for the constrained sectors. 
1 For the detailed derivation of the mixed model, see Miller and Blair (1985) pp. 326. 
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In the empirical analysis, the major land-use sectors, including grains, other 
crops, forestry, and livestock, are treated as the supply constrained sectors. The 
implicit assumption is that the non-agricultural sectors such as industry and services 
enjoy better chance in appropriating the necessary land and are often able to 
expand their production activities to previous cropland, forestland or grassland. 
The derived potential net export of the products of supply-constrained sectors 
(T) are the difference between the exogenous and endogenous final demand in the 
corresponding sectors: 
(4a) 
Exogenously generated potential output (xr) is obtained through dividing the 
land per land-use category available in 2025 (Lr) by the respective future land 
requirement coefficient (er): 
Lr Xe=-. 
Cr 
(4b) 
The AEZ assessment model is used to derive regional differences for the land 
requirement and land productivity coefficients, to disaggregate the agricultural 
sectors into six sub-sectors in each regional I-0 models, to calculate exogenously 
generated potential output, and to quantify the availability of land under different 
technical assumptions . 
The AEZ method was developed by IIASA and F AO (F AO, 1995). It was 
repeatedly used and subsequently improved in several global and national studies 
(F AO/ IIASA, 1993; Fischer and Makowski, 2000). A detailed presentation of all 
functions of AEZ modeling is beyond the scope of this paper. 2 To understand the 
basic principles of the AEZ approach, let us consider an illustrative example. A 
farmer faces the task to evaluate the suitability of a particular land unit for crop 
production. The farmer would take into consideration a whole range of factors, 
including the quality of soil, the local climate conditions, and the possibilities of 
using different types of inputs such as fertilizers, pesticides, machinery, etc. The 
farmer would also consider various mixes of crops that are possible under the 
specific conditions of this plot, including multiple sequential cropping. The AEZ 
algorithm proceeds in a similar way and incorporates more well-established scien-
tific information in a geographical information system. It calculates attainable 
yields of each grid-cell on the given digital maps through suitability assessment. An 
AEZ is a polygon obtained by overlaying maps of the climatic resources inventory 
(i.e. map of climatic belt, thermal zone, length of growing period), with maps of soil 
resources inventory and terrene conditions. Each AEZ land unit is then assessed in 
terms of all feasible agricultural land use options that are of interest. At a given 
level of input, the productivity assessment records expected production of relevant 
agro-ecologically feasible agricultural activities. 
"For a description of a global-scale AEZ application consult http://www.iiasa.ac.at/Research/LUC/ 
GAEZ. 
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The strength of the AEZ method is manifested in its ability to match land quality 
with the ecological requirements of the respective plants for soils, climates, etc. 
under explicit recognition of the socio-economic settings. The application of this 
method allows us to calculate this part of regional differences that is basically 
determined by natural factors. In addition, technical change can be explicitly 
incorporated in the analysis through the establishment of various input levels. We 
apply the results of the AEZ assessment to the sectors of grains, other crops, and 
pasture livestock production . Due to the fact that land suitability changes along 
with changes in management intensities and socioeconomic conditions, three pro-
duction scenarios for low, medium, and high input levels are developed (see e.g. Xie 
and Jia, 1994). Variations in input levels are represented by the differences in 
multi-cropping indexes, scale and intensity of land management, factor-intensity of 
labor, capital, and energy utilization, and operational technologies employed. 
3. Representation of the regional economies and their land bases 
3. I. Re-establishment of regional input - output tables 
In our I- 0 model, China is divided into eight regions based on their respective 
geographic, agro-climatic, and demographic features , and economic development 
levels . The regional map is consolidated with provincial level administrative 
boundaries for the sake of data availability and consistency. The map of these eight 
regions is presented in Fig. 1. 
Seven out of the eight regions form the geographic building block in the I - 0 
model. The Plateau region is not considered because of a Jack of I-0 data . 
~Central 
D East 
§North 
llllll Northeast 
Im Northwest 
l·:·:-:·:·:-:-:-1 Plateau 
osouth 
tggid Southwest 
Fig. I. Map of China with provincial bounaries and the eight economic regions. Note: Taiwan is not 
included in this analysis thus in the map. 
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Table I 
Scheme of the regional input-output table and the available data for 1992 
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Notes: X indicates data available from statistical yea rbooks and regional input-output tables . L indicates 
that only aggregate information for a group of cells are ava ilable. Sources: Statistical Yearbook of Rural 
China (State Statistical Bureau, 1993, pp.59- 60), Statistical Yearbook of China (State Statistical Bureau, 
1993, pp.47 and 49) , and regional 1- 0 tables. 
Although it holds strategic importance in terms of geography and politics, its shares 
in terms of economic output, fertile land, and population are minor in comparison 
to those of the other regions. 
The economies of China and its regions in 1992 are represented by the 1992 1- 0 
tables. These tables were constructed by the State Statistical Bureau of China (SSB) 
(State Statistical Bureau of China 1996, 1997). The national table includes 118 
sectors, with six agricultural sectors. The regional tables are in a more aggregate 
form with only one agricultural sector (see Table 1). The 'value-added' in all tables 
consists of four categories-capital depreciation, labor compensation, taxes, and 
profits. 'Final use' in the national table comprises of six categories-peasant, 
non-peasant, and government consumption, fixed investment, inventory changes, 
and net exports. The regional table gives only three final use categories-total 
consumption, total investment, and net exports. 
K. Hubacek, L. Sun / Structural Change and Economic Dynamics 12 (2001) 367-397 375 
For the purpose of analyzing land use and land cover changes at the regional 
level, we re-establish the regional I-0 tables by disaggregating the agricultural 
sector into six sub-sectors, distinguishing total consumption into peasant, non-peas-
ant, and government consumption, and separating fixed investment from changes in 
inventory. We further assume that peasant consumption is similar to rural con-
sumption and non-peasant consumption assembles the consumption pattern of 
urban people. 3 
Techniques used in the re-establishment can be summarized as follows. We first 
apply a procedure based on adjustment of national coefficients using the techniques 
of location quotients (LQs) adjustments (Mayer and Pleeter, 1975; Miller and Blair, 
1985; Flegg et al., 1995). Then, we minimize the sum of squares of the percentage 
difference between the unknown cell figures and those obtained from the LQs 
procedure for each regional table, subject to the typical 1- 0 balancing condition 
and other given sum requirements (for more detail see Sun, 2000). 
3.2. Projections of fillure technology 
The impact of changes in economy and society on land use and land cover will 
be dictated by the future patterns of both consumption and production. The 
possible future patterns of consumption are discussed in the form of various 
scenarios in Section 4. The patterns of production are represented in the technology 
matrix or A-matrix. Their immediate effects on land use are represented in the 
land-requirement coefficients or C-matrix (see Eq. (2a)). To project the future 
production functions for each of the respective sectors, we use a mixed approach of 
applying case studies and the RAS method .4 We use the case studies for projecting 
key cells of the future production functions of certain sectors, as indicated by 'B' in 
Table 2. Then we calculate the missing cells based on information indicated in 
Table 1 and by using the RAS method (Budavari, 1981, p.404, Miller and Blair, 
1985). 
The case study methodology, suggested and applied by Duchin and Lange 
(Duchin et al., 1993; Duchin and Lange, 1992, 1994), represents a set of guidelines 
and principles for a systematic approach to construct 1- 0 matrices from technical 
data. The purpose of this approach is to develop a number of scenarios about the 
future regarding certain key economic sectors in terms of growth and technologies 
3 There are gross inconsistencies in the SSB-classification system for urban, rural , and city population, 
because the system mixes territorial and functional definitions. The definitions have also been changed 
over time and non-recorded migration from rural to urban areas further distorts the actual residency 
(Heilig, 1999). 
4 The term RAS refers to a mathematical procedure for adjusting, sequentially, rows and columns of 
a given input-output coefficient matrix , A (0) , in order to generate an estimate of a more recent matrix, 
A(l), when only the new structural information of sectoral output, X(l), intermediate deliveries, U(l), 
and intermediate purchases, V(I}, are assumed known. Once the procedure converges, the final outcome 
used to be denoted as A(I) = RA(O}S, in which Risa diagonal matrix that is the product of a series of 
diagonal matrices , and so is S. 
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and to construct a corresponding database that contains the quantification of these 
parameters (Idenburg, 1993, pp.35). The development of such case studies requires 
assembling information from many sources, such as technical publications and 
databases, and expert opinions. Although a full implementation of this approach is 
usually difficult to achieve due to research cost constraint and the difficulties 
involved in coordinating widely diverse engineering assumptions, its methodological 
principles provide structure and discipline. It forces the user to make all assump-
tions explicit, which makes it easier for others to use and to evaluate the results of 
the case studies. In our case, we develop case studies for the key-cells of the 
A-matrix for 2025. We focus on the linkages between the economy and the 
biophysical realities based on different technology assumptions, and also pay a 
Table 2 
Scheme of input-output table of China in 2025 
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'Tut;output ---- - - x.----x-fx x -x-x.-x- -x-r x x x 
Land in Yuan/ha L L L L L L L L L L L 
Notes: L's are derived from literature and the AEZ model. V's , V's, and X's are derived for the major 
economic sectoral groups of agriculture, industry, and services from World Bank estimates and by 
comparison to structural changes in industrialized countries over a longer time period . Sub-sectoral 
shares within the agricultural sector are derived from an AEZ-based scenario assessment. B's are subject 
to a restricted lower-bound in the optimization procedure, respectively, so as to guarantee a sufficiently 
high figure in the corresponding cell , which would partly reflect the increasing share of feeding mode in 
lives tock production . 
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Table 3 
Land requirement coefficients for China 's regions in 1992 and 2025 (ha per million Yuan) 
Economic Regions Grains Other Crops Forestry Livestock 
1992 2005 1992 2005 1992 2005 1992 2005 
RI - North 363.8 178.3 145.0 102.6 510.7 382.99 104.7 330.2 
R2- Northeast 513.3 249.5 169.5 75.0 8663.3 6497.48 353.2 1132.4 
R3- East 236.8 366.5 103.1 83.5 730.7 548.00 12.6 39.9 
R4- Central 231.9 183. l 105.l 64.9 1438.8 1079.10 136.2 434.7 
RS- South 326 .6 226.7 76.4 50.6 1112.0 833.97 141.8 443.9 
R6- Southwest 450.1 329.5 149.8 110.0 2599.3 1949.45 752.0 2303.0 
R 7-Northwest 786.5 517.5 233.7 154.7 5387 .5 4040.62 17 774.6 24 608.5 
China 391.3 281.8 130.9 101.0 2088.9 1566.69 2661.8 2928.0 
Sources: references in Section 4.4. Procurement prices for grains and other crops in 1992 (Price 
Statistical Yearbook of China l 992pp.302-334) are used for value aggregation. Assessment of crop 
production potential is taken from Xie and Jia (1994). Regional variations of livestock production are 
based on Zheng and Tang ( 1994). 
special attention on the future grain input requirements of the livestock sector. The 
remaining missing data are estimated by the RAS procedure. 
3.3. Projection of future land availability 
The 1- 0 model is extended to incorporate land use. The land use data is derived 
from the IIASA-LUC database. A number of fairly large and detailed geographical 
databases on China, including biophysical attributes of land and statistical data at 
the county level, have been implemented in the LUC geographical information 
system. These data sets allow us to estimate the land acreage used in each of the 
economic sectors. 
These data, together with those provided by the 1- 0 tables, allows us to 
calculate land requirement coefficients for the base year as explained in Section 2. 
The current land requirement coefficients shown in Table 3 represent the reciprocals 
of the average productivity of the total acreage in a given land use category. The 
use of these coefficients in scenario analysis would give us the land requirement at 
present-day efficiency. The higher the number in each cell the less productive is the 
land to produce the respective output. The huge variability of coefficients for 
livestock production is partly due to the varying shares of pasture versus farm-
based livestock production across regions, and partly due to the different environ-
mental factors such as soil, temperature, and precipitation, which influence 
grassland productivity significantly. 
Land availability forms a binding constraint to land-use requirements in general 
and to agricultural land uses in particular. Without additional available land, the 
only choice left for an economy is either to increase land productivity or increase 
imports. Given the foreseen scenarios of land productivity improvement and land 
availability, the balancing of the 1- 0 model will give the required net import of 
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land-based sectors so as to meet the additional final demand created by changes in 
the economy and society. 
For the calculation of future land requirements per land cover category, we need 
a land distribution matrix (R in Eq. (3)) as shown in Table 4. This matrix 
establishes the linkage between land-uses by economic sectors and the categories of 
land cover. The entries in Table 4 are numbers between 0 and 1, which indicate the 
percentage distribution of land used by economic sector in each of the major land 
categories. The numbers do not represent current patterns of land use and land 
cover but rather their future development. As the table shows, various land-use 
options, such as residential land, industrial land, horticulture, and fish, compete for 
cultivated land, grassland, and forestland . The category of unused land or multiple 
uses represents a residual value. In the case of fish production, for example, part of 
it is farmed on agricultural land without diminishing the usage of agriculture land . 
Such kind of multiple uses do not decrease the ability to use land for other 
production purposes. 
The expansion of built-up land is assumed to be a result of expanding on 
previously unused land and the continuous land conversion from agricultural uses 
to higher value-added non-agricultural and residential uses. This expansion will 
take place mainly around economic centers. To capture it, we employ GIS software 
tools (Arc-Info). By overlapping the map showing existing agglomeration with the 
map containing current land uses, agglomerations are expanded by adding an 
additional ring of a certain width to the outskirts of each existing built-up area. The 
determination of this width is based on the scenarios of future demand for 
residential and non-agricultural uses of lands. In this way, we can see how the 
expansion of existing built-up areas reduces the amount of other land cover 
categories as shown in Fig. 2. To receive the land area available in 2025, we deduct 
land requirements for additional built-up land from the three major land categories 
and assume that the share of cultivated land used for other crops will increase by 
Table 4 
Land distribution matrix in 2025 
Economic Major land cover categories 
sectors 
Grains Other Crops Forestland Grassland Water Areas Unused Sum 
Grains 0 0 0 0 0 1.00 
Other crops 0 1 0 0 0 0 1.00 
Forestry 0 0 1 0 0 0 1.00 
Livestock 0 0 0 1 0 0 1.00 
Fishery 0.10 0 0 0 0.89 0.01 1.00 
Developed" 0.61 0. 11 0.13 0.07 0.07 0.08 1.00 
•The category 'Developed' includes residential land, infrastructures, and industrial and commercial 
uses. 
Source: based on scenarios in a GIS environment: expansion of existing agglomerations by adding an 
additional ring of one kilometer width, to the outskirts of each existing built-up area. 
Agricultural Land 
t / 
Forestland 
Built-up Land 
Grassland 
Unused Land 
Fig. 2. Scheme of extension of built up land in a GIS scenario. Notes: the existing areas are captures with remote sensing. Unfortunately, this method only 
recognizes built-up areas beyond a certain size. As a consequence, the so-derived land conversions reflect only the extension of larger agglomerations. 
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about 6 percentage points between 1992 and 2025 (following the trends of the last 
decade); we further assume that land losses due to erosion could be fully compen-
sated by reclamation . 
4. Driving forces of land use change 
During the post-reform economic growth period after 1978, China has experi-
enced a dramatic Joss of arable land. Research has shown that both industrializa-
tion and land degradation have played an equally important role in reducing the 
total acreage of arable land (Sun and Li, 1997). Due to the dynamic changes in 
economy and society further losses of cropland are expected for the coming 
decades. For a comprehensive understanding of the future land use dynamics, we 
have identified a number of major driving forces represented by six scenarios (see 
the lower part of Fig. 3). 
After establishing scenarios for each of the major driving forces, we introduce 
them step by step to show the additional effects. Starting from the base year reality, 
a set of scenarios representing each of the major factors is added to show its 
additional effects on land requirements . Scenario A represents the real situation in 
the base year 1992, with the technology and population level, share of urban and 
rural population, consumption pattern, and economic structure of 1992. Scenario B 
applies plausible technology available in year 2025 to the socioeconomic and 
demographic structure of 1992. In Scenario C, we add to Scenario B final demand 
changes and additional direct land requirements caused by a population of 1.49 
billion people. Scenario D includes per capita income growth, as well as lifestyle 
changes as represented by a set of income elasticities. Scenario E deals with the 
aggregate effects of Scenario D plus urbanization. Scenario F is designed to see the 
overall effects of a higher population estimate of 1.55 billion people and a higher 
share of urbanization combined with Scenario E. 
4.1 . Economic growth and the consequent per capita income growth 
Since 1978, China's GDP has expanded at an average rate of nearly 10% and 
total exports at 17°/r, per year. The Fifteen-Year Perspective Plan (1995 - 2010) 
identifies two fundamental transitions to sustain future growth: (1) from a tradi-
tional planned economy to a socialist market economy; and (2) from the extensive 
growth path, based on increases in inputs, to an intensive growth fashion, driven by 
improvements in efficiency. Measures to sustain further growth include the restruc-
turing of large state-owned enterprises, promoting science and technology, develop-
ing machinery, electronics, petrochemicals, automobiles, and construction as the 
pillar industries, and stimulating the growth of basic agricultural products, espe-
cially grain, cotton , and oilseed (World Bank, 1997b). Assuming the continuance of 
high saving rates supporting high investment rates, of the market-oriented reforms, 
and of high factor productivity growth, the World Bank projected growth rates of 
annually 6.6% until 2020. The projections for individual sectors are ranging from 
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Fig. 3. Land requirements of different scenarios. Notes:* Higher urbanization rate of 59'X, for 2025 (Shen and Spence, 1996). Main assumptions: B: 
A +Annual land productivity gains of I, 0.98 and 0.68% for cropping, livestock, and forestry, respectively . C: B +population of 1.49 billion . D: 
C + 4.2 - 5.7% average annual growth rate per capita income with the associated income elasticities (thus lifestyle). E: D + 50'Yo urban population with the 
associated expenditure patterns. F: E with population of 1.55 billlion. Urban and rural infrastructure, residential land, and services are linked to a set of 
land per capita ratios, industrial land is assumed to stay constant. In all of the scenarios, trade balances of land intensive products are kept proportional 
to today's imports and exports. 
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3.8% for agricultural sectors, 6.6% for industrial sectors, to 7.6% for service sectors 
(World Bank, 1997b, pp.21). According to the World Bank, the pace of GDP 
growth will be slowing down over time, from some 8% of today to 5% in 2020 due 
to a then stagnating labor force , diminishing marginal returns, and lower gains 
from structural change. 
These aggregate growth trends mask diverging paths for different parts of China. 
There is a large body of literature dealing with the regional disparity in China (see 
for example Liu et al., 1999). It is generally acknowledged that three regions have 
emerged with discerned development paths in the past two more decades: (1) the 
leading coastal areas characterized by high income level and high growth rate; (2) 
the catching up central regions with average income level but rapid structural 
changes from agriculture to industry and services; and (3) the backward regions in 
the west, with a much slower growth rate, and with a small share of the population 
dominated by national minorities. Another significant disparity exists between rural 
and urban areas. The per capita income ratio of rural to urban residents has been 
around I :2.5 in the past two decades. 
GDP growth rate is a comprehensive indicator that is not independent of 
population growth (implying labor force growth) and technological progress. To 
make income growth rate be independent of other driving forces , we subtract the 
foreseen growth rate of population and the part corresponding to technological 
progress (about 35°/c, of GDP growth) from the predicted national GDP growth rate 
(World Bank, 1992, 1997b). As a result, we obtained a net per capita income 
growth rate . For simplicity, we call it per capita income growth rate . In order to 
accommodate to the regional and rural versus urban differences discussed above, 
we distinguish growth rates for urban and rural areas and for two large develop-
ment zones . 
4.2. Population dynamics and urbanization 
When the People's Republic was founded in 1949, it had a population of 540 
million; three decades later its population was more than 800 million; and present 
China's population has approached I .3 billion . Today's high share of young 
Chinese in reproduction age has created a strong population momentum that is 
now driving China's population growth despite already low levels of fertility. China 
is confronted with two counteracting trends: while economic growth, urbanization 
and the associated lifestyle change may lead to lower fertility rates, modernization 
and the opening of society might lead to opposition to the government's strict 
one-child policy in family planning (Heilig, I 999). In its most recent (medium 
variant) projection, the UN Population Division estimates that China's population 
will increase to 1.49 billion in 2025 and then slightly decline to 1.488 billion in 2050 
(United Nations Population Division, 1998). A somewhat higher projection esti-
mates 1.55 billion people for 2025 (Shen and Spence, 1996). 
A crucial characteristic of China's demographic situation is the concentration of 
its large population in the eastern part of the country. A large part of China's land 
is virtually uninhabited, such as the Gobi Desert, the steep slopes of the Himalayas, 
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and the vast dry grasslands of the north-central region . Roughly I. I billion people 
(or about 90% of the population) live in only a little more than 30% of China's land 
area. The skewed spatial distribution of the population is a consequence of the 
country's uneven distribution of agro-climatic and biophysical environments, as 
well as the uneven development pace of industrialization. 
In the past two decades, two opposite trends have coexisted to shape the 
population dynamics across regions. On one hand, migration from Western and 
Central China to the eastern regions, especially the coastal areas, adds percentage 
points to population shares of the eastern regions. However, on the other hand, the 
fertility rates moving upward from the eastern to the western regions have basically 
counter-balanced, if not exceeded, the impact of migration (Jiang and Zhang, 
1998). In addition one has to consider the moving of traditional industries, 
particularly, heavy industry, from the eastern regions inward to the western regions 
and the new strategic movement of the Chinese government to reduce regional 
disparity. As a comprehensive result of these three trends, the accumulative impact 
of migration on regional population distribution up to 2025 may not be very 
significant. We assume that the population shares of East and South Regions, the 
most developed regions, in the national total will increase by one percentage point; 
the population shares of Central and Southwest Regions, the regions with high 
population density and the highest proportion of agricultural population, will 
decrease by one percentage point; and the population shares of other regions will 
stay unchanged. 
Despite the fact that the urban population is constantly increasing, China can 
still be considered a predominantly rural society. In 1997, after the rapid increase 
of the officially defined urban population for more than a decade, only some 30% 
of the population lived in urban areas. The rather recent increase in urban 
population is mainly due to the promotion of towns into cities, thus increasing the 
number of cities altogether. Another reason for the increase in urban population 
has been the loosening of strictly controlled internal migration to meet the labor 
demand of the growing cities and towns. In addition, in recent years, there has been 
a wave of temporary 'illegal' rural-urban labor migration, called the 'floating 
population'. Some estimation puts the number of the floating population in large 
cities as large as being equal to 25% of the urban population (Heilig, 1999). We 
assume that this urbanization trend will continue in the future and that by 2025 
about 50% of the Chinese population would live in urban areas. This assumption is 
consistent with the corresponding UN projection (United Nations Population 
Division, 1998). We further assume that agricultural population living in cities and 
towns will gradually adopt urban lifestyles. 
There are no reliable estimates of the urbanization rate for different regions, since 
even present data on city growth and rural-urban migration is in poor quality. 
However, as we discussed in the previous sub-section, two large zones can be 
distinguished due to the striking development disparity between them. For the more 
developed eastern zone (regions RI - RS), we assume urbanization rates of roughly 
54°/c,, and for the less developed western zone (regions R6 and R 7), about 44%, 
respectively. 
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4.3. Change in consumption pattern 
With respect to changes in consumption patterns, changes in diet structure are 
the most relevant to the study of land use change. In China's food tradition, cereal 
products have been of overriding importance; other food products such as meat, 
fishery products, vegetables, and fruit played only a residual role. This pattern has 
been changing due to recent social and economic developments. Urban residents 
typically prefer a more diverse diet and eat more processed foods . Today's Chinese 
eat more meat and dairy products, which has boosted livestock production. China's 
population has enormously increased its meat consumption and also eats more 
fruits and vegetables, whereas direct consumption of grain has leveled off or even 
declined (Wu and Findlay, 1997, pp.49). Despite these developments, China's 
average food calorie supply per person per day is still below the average level of 
developed countries (FAOSTAT, 1998). Therefore, an increase in per capita calorie 
consumption can be expected in the future. 
A comparison of per capita calorie intake across some representative countries 
shows that today's food calorie supply of animal products in China is about 467 
kcal per person compared with 503 in South Korea, 600 kcal in Japan, and 1006 in 
USA. The average consumption for developed country is 867 kcal. In addition, 
today's calorie intake of fish in China is behind other Asian countries. Currently, 
food calorie supply of fish in China is 29 kcal, compared with 92 kcal in South 
Korea and 194 kcal in Japan (FAOSTAT, 1998). 
To incorporate these considerations in a consistent way and in line with our 1-0 
modeling, we establish the scenarios of income elasticities for two periods, 1992-
2005 versus 2005- 2025, as presented in Table 5. The combination of scenarios of 
per capita income growth with income elasticities gives the scenarios of per capita 
expenditure pattern for the year 2025. 
To calculate aggregate final demand from households for the products of each 
production sector, we multiply the above-listed average expenditures of urban and 
rural residents, respectively, by the total numbers of urban or rural residents in each 
region. To obtain total final demand corresponding to each production sector, we 
link other final demand components to household consumption according to their 
current ratio to the level of aggregate household consumption. 
4.4. Technical change and land productivity 
China's economic success has been accommodated by enormous productivity 
gains. Yet China's economy can be still characterized by substantial inefficiencies 
and backward technologies and, therefore has enormous possibilities for improve-
ments. The World Bank, (World Bank, 1997b, pp.20) estimated that an annual 
growth rate of total factor productivity of 5- 7% during 1995- 2020 will lead to 
major changes in the relative size of economic sectors in terms of both output and 
labor force. For example, agricultural employment is expected to fall from more 
than half of total employment today to one-quarter within the next 25 years. 
Table 5 
Change in consumption pattern and income elasticities 
Sectors Per capita expenditures (in Yuan) Income elasticities for the period 1992- 2025" Per capita expenditures (in Yuan)b 
1992 1992- 2005 2005- 2025 2025 
--
Rural Urban Rural Urban Rural Urban Rural Urban 
Grains 112.3 10.8' 0.250 0.150 0.100 - 0.03 135.9 11.5 
Other crops 69.2 147.3 0.435 0.450 0.450 0.470 109.8 248.4 
Forestry 3.2 6.0 0.757 0.835 0.600 0.650 6.0 12.5 
Livestock 112.5 184.2 0.757 0.835 0.650 0.700 215.3 390.2 
Handicraft 13.8 29.6 1.100 1.100 1.100 1.100 33.9 78.0 
Fish 19.8 58.5 1.244 1.290 1.244 1.290 52.4 170.7 
Industry 306.0 887.4 1.100 1.100 1.100 1.100 750.3 2336.9 
Construction 44.0 115.1 1.100 1.100 1.100 1.100 107.8 303.2 
Transportation 4.9 19.2 1.200 1.200 1.200 1.200 12.5 53.3 
Commerce 65.5 197.0 1.200 1.200 1.200 1.200 169.3 548.2 
Services 67.7 278.8 1.200 1.200 1.200 1.200 174.8 775.7 
Sum 819.0 1934.0 1768.2 4929.5 
a Income elasticities are based on the estimates and calibrations in Huang and Rozelle (1998) and Huang and Chen (1999), and on our own adjustments. 
b The calculation of household expenditure in 2025 is based on following equation: 
( 
IN (2025) - IN (1992)) EX(2025) = 1 +r.x x £X(l992) 
/N(l992) 
where IN stands for Income and EX for Expenditure in the respective years, and s represents income elasticities. 
'This figure represents the direct purchase from the grain sector by urban residents (typically via free markets). Purchases of processed foods from the 
industrial , commerce, and service sectors are incorporated in expenditure figures in these sectors, respectively, following the input- output setup of China. 
>; 
::i:: §.. 
"' "' -~ 
~ 
~ 
;:: 
'-.., 
~ 
.., 
s::: 
"' 
" 
.., 
F2.. 
9 
"' ~ 
"' § 
"'-
~ 
"' ;:: 
"' ::; ~· 
~ ;:: 
e 
;:: 
r;· 
"' 
~ 
'N g 
-:::::: 
\,,) 
°' '-.I I 
~ 
'-.I 
w 
00 
V> 
386 K. Hubacek, L. Sun / Structural Change and Economic Dynamics 12 (2001) 367- 397 
These structural changes will have considerable effects on the structure of land 
use. Most important for our assessment of the future land-use change are technical 
changes and productivity gains in the primary sectors. In grain production, average 
yields in China are generally higher than in developing countries but still well below 
the averages in developed countries. Future growth of grain production via 
significant yield growth could be achieved by spreading the applications of updated 
hybrid seeds; balanced utilization of chemical fertilizer and pesticides; increasing 
use of other modern inputs such as plastic film, farming machines, as well as power 
for agriculture use; investment in agricultural infrastructure such as irrigation and 
drainage facilities; and agricultural research (Lin et al., 1996; World Bank, 1985, 
l 997a).5 In addition, the Ministry of Agriculture plans to classify over 80% of 
farmland as basic farmland conservation zones by 2010. The average increase in 
land productivity in the grain production for the period of 1950-1977 was 3.1%. 
There is a debate on the magnitude of the future performance of grain production . 
Estimations of annual yield increases in grain production vary between 0.5 and 2% 
depending on assumptions of investment in research and irrigation, world price 
impact , salinity and erosion, and opportunity costs of labor and land (Huang and 
Kalirajan, 1997b; Lin et al., 1996; World Bank, 1997b). 
For our scenarios, we follow the Agricultural Action Plan of China's Ministry of 
Agriculture with a target of grain yield per unit area increasing by l % per year. We 
apply the same productivity growth rate to the other-crop sector. 
In order to derive regional differences, we use an assessment of the crop 
production potential in China by Xie and Jia (l 994) based on the AEZ method . 
This allows us to calculate regional differences based on natural factors assuming 
similar technologies in all of China . Xie and Jia developed three production 
scenarios corresponding to the low, medium, and high input level , based on those 
considerations as we listed in Section 2. 
The productivity of grasslands in China is much lower than in other parts of the 
World, which severely limits the development of China's livestock industry. The 
Ministry of Agriculture (l 999) states that China has a serious problem of grassland 
degradation, with over 50% of the northern grassland being degrading and the 
remainder degrading at the rate of 1.9% annually. To maintain and further improve 
the quality of grassland, the Ministry plans to apply measures such as pest and 
rodent control , monitoring, conservation zones, and enclosed pastures. The im-
provement of 25 million ha of pasture is planned by the year of 2010. The Ministry 
hopes that China can maintain a stable output of animal husbandry in the pastoral 
areas before 2010 and can start to increase the pastoral land productivity afterward. 
Given the very limited capability of the grazing mode, it is widely expected that by 
2020, feeding mode would produce more than 80% of the total livestock output 
(ibid). We put this figure at about 85% for 2025 . In line with the expectation of the 
Ministry (ibid), we assume an accumulative land productivity growth of 25% for 
the whole period of 1992- 2025 in the pasture sector. 
5 It should be noted that the current consensus in China is promoting high-value-added and 
labor-intensive rather than the western-type of capital-intensive agriculture. 
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In the calculation of land requirement coefficients for the livestock sector, it is 
worth noting that the real land requirement would be a combination of the direct 
land uses, including pasture land and those land uses for keeping pork and poultry, 
and the indirect land uses for growing processed and unprocessed feed-crops. Once 
the scenarios of land productivity growth for both the cropping and pastoral 
sectors are established, the overall land-productivity growth in the livestock sector 
can be interpreted as the value-share weighted average of the corresponding growth 
in the cropping and pastoral sectors. 
To derive the regional variation on land productivity growth in the livestock 
sector, we use the estimation by Zheng and Tang (1994). Their assessment of 
grassland productivity consists of two major parts-the calculation of the primary 
production (forage output) and the secondary production (livestock products). The 
calculation of the forage is based on the AEZ method. To receive the feed supply 
potential, the yields for each zone were adjusted by feed intake rates of livestock 
and different dehydration rates for hay-making for different grassland types (ibid, 
pp.33). In the second step, the characteristics of the livestock system were high-
lighted and different herd proportions and livestock production potentials were 
calculated based on the balance between feed supply potential and feed 
requirements . 
The incremental output from the low-input assessment to the mediate-input 
assessment show a clear variation across regions. We use this variation to distribute 
average national productivity-growth rate to the regional level. 
With respect to forestry, even the estimations of current forest stock are quite 
diverse . For example, Fischer et al. (1996) report that the stock has steadily 
increased, from about 7 billion cubic meters (m3) in the 1950s to about I 0 billion 
m3 in the late 1980s. Liu (1998) claims that timber stocks are drastically decreasing 
due to increased consumption, withering, fire damage, and insect damage. For 
1992, Liu estimates the existing forest stock to be about 5.3 billion m3 . Liu states 
that if no action were taken, China would lose all its timber stocks in the near 
future. Nilsson (1999) shows that the felling of industrial wood at the current rate 
of 197 million m3 per year exceeds the annual increment of 176 million m3 per year 
in growth of natural forests and industrial plantations. Shi and Xu (2000) on the 
other hand, using all four forest resource censuses data (Ministry of Forestry, 1978, 
1983, 1990, 1996) show that the forest resource stock had been slightly increasing 
between 1973 and 1993 and the total timber stock was about 11.8 billion m3 in the 
early 1990s. 
Based on the forest resource census data, which is relatively reliable and 
authoritative, we establish the productivity change scenarios for the forestry 
sector in line with Fischer et al. (1996), Shi and Xu (2000). We first calculate the 
land requirement coefficient in the forestry sector for 1992 directly from the 
total output of forest sector as provided by the I-0 tables and the corresponding 
areas. The resulting land coefficient at the national level is consistent with a 
sustainable yield factor of about 4.2 m3/ha (Ministry of Agriculture, 1998; Shi and 
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Xu, 2000) while being weighted by the corresponding price figures of major 
forest products. 
In consideration of the fact that timber densities in China are very low, with 
30-84 m3/ha in comparison to World's timber densities of about 100 m3/ha 
(Ministry of Forestry, 1990) and that the efforts to improve forest management 
through property right reform, strengthening monitoring and preservation institu-
tions, and employing other effective management practices are under way, we 
assume the accumulated productivity growth of 25% in this sector from 1992 to 
2025. Due to the lack of AEZ assessment, we have to ignore the regional 
variation in growth for this sector. 
Estimation of future land areas required for urban development, rural indus-
trial agglomerations, and infrastructures is less straightforward. Due to the het-
erogeneity of industrial production, there is no systematic aggregate data 
available on land requirements of various industries beyond case studies on a 
local or regional level. In addition, international data includes usually commer-
cial and industrial land with various shares of services and industrial production. 
Much of the infrastructure is already in place so that the improvement and 
extension of the infrastructure would only require marginal additions of land. 
Future development might mainly necessitate a restructuring of existing areas 
and infrastructures . It is difficult to say how redevelopment of urban areas and 
organizational changes will affect land productivity in the industrial sectors. 
Given the backward structure of Chinese industry there might be great possibil-
ity to have considerable increases in industrial value-added without any signifi-
cant additional industrial land use, simply because most of this growth will be 
outside the traditional smoke-stack, heavy industry (and land-use intensive) activ-
ities. 
Even if one assumes that the industrial areas would stay more or less the 
same, considerable additional land will be required for infrastructure develop-
ment. The shortage of infrastructure has been considered one of the main bottle-
necks to future economic development (EAAU, 1997; World Bank, 1985). 
China's annual investment in the transport and other infrastructure sectors 
has been small in comparison to other countries. Major investments in the 
extension of the current structure, as well as in increasing its efficiency are 
necessary. A good proxy for land-use consuming infrastructure is the future 
increase of roads. Currently, China averages I.I km of roads per 100 km2, in 
comparison to 7 km/ JOO km2 in the USA and 4.7 km/ JOO km2 in India, respec-
tively. Even the better-developed coastal areas have only 2.5 km/ 100 km2 • Only 
23°/i, of China's roads are asphalt paved and most are in poor condition (CIA, 
1999; EAAU, 1997, pp.228). Projections show that cars might more than triple 
within the next 10 years (TEI, 1994, quoted in World Bank, 1997a). In our 
study we distinguish the coastal regions from the inland and use two different 
growth rates of transportation infrastructure development for them in the period 
1992-2025. For the coastal area, we assume a relatively high annual growth rate 
of 1.9%, which would bring coastal China to the road-infrastructure level of 
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Table 6 
Necessary annual growth rates in land productivity (%) 
Economic sectors 
Grain 
Other crops 
All crops 
Forestry 
Pasture 
Assumed growth rate in technology 2025 
1.00 
1.00 
1.00 
0.68 
0.68 
Necessary growth rate• 
1.03 
2.04 
1.28 
2.65 
l.12b 
•These necessary annual growth rates will keep the demand specified in Scenario E within the land 
limits. 
b Once the production share of feeding mode is raised to 14 and 13%, the corresponding necessary 
growth rates in the pastoral sector become 0.91 and 0.69'Yo, respectively. 
today's India. For Central China and Western China, we assume annual growth 
rates of 1.6%. 
Table 3 summarizes these basic land-productivity scenarios for 2025 and presents 
them in the form of land requirement coefficients. 
5. Model results 
Given the commonly excepted scenarios for demographic, social, and economic 
changes as well as technological progress, sectoral outputs would drive the associ-
ated land requirements to exceed the available land area. In other words, China 
would not be able to support the increased demand for land-intensive products with 
its land base without significant improvement in land productivity and/or increasing 
imports. The major results of our scenario analysis at the national level are 
presented in Fig. 3. 
In the category representing cultivated land, the scenarios that add, step by step, 
per capita income growth with the associated lifestyle change, urbanization, and 
higher population growth (D, E, F) to the previous scenarios are exceeding the 
limits of available land. The biggest jump in demand for farmland is triggered by 
the income growth scenario (D). The difference between Scenario D and E 
indicates that given the income level, the land saving-effects of urbanization (more 
efficient use of infrastructure and residential land) would be offset by an increase in 
indirect demand for feed-grain triggered by the higher consumption of animal 
products. 
In the case of grassland, the scenarios that add urbanization and higher popula-
tion growth to the previous scenarios (E and F) are exceeding the available 
grassland areas. Similar to the case of cropland, the biggest jump in demand for 
additional grassland is caused by per capita income growth with the associated 
lifestyle change (D), in particular, by the significant increase in per capita meat 
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consumption, given the pre-assumed production share of the pastoral sector in the 
total livestock production. 
Similar to the case of cultivated land, the demand for forestry products exceeding 
the available forestland appears in the most aggregate scenarios (D, E, F). 
It is worth noting that the desired high growth rate for land productivity in the 
livestock sector reflects the strong desire for feed grain growth. This indicates that 
there is a trade-off between the productivity growth rate of the grain sector and that 
of the livestock sector. 
Table 6 presents a comparison of commonly expected growth rates in the 
literature and those necessary to keep the demand, as specified in Scenario E, within 
the land limits. We can see from this table that the required land productivity 
growth rate for other crops, forestry , and pasture are considerably higher than the 
ones commonly assumed in the literature. 
Given the constraint of the immobile land availability and the technological 
scenario 'Technology 2025,' we proceed at both regional and national levels to 
show how much net import will be required to meet the regional and national 
demand for grain, other crops, livestock products and forest products. Table 7 
reports the derived net import requirements. 
At the national level, the net import demand for livestock products is at a scale 
of more than 100 billion (1992) Yuan, being equivalent to the domestic production 
cost of 100 million tons of wheat. The net import demand for products of the other 
crop sector is at an even larger scale. Such a large-scale net import of animal and 
crop products would go beyond the limits of political feasibility and the capacity of 
the world food market. Therefore, these figures would indicate that if maintaining 
the moderate pace of technical progress across these three major land use sectors, 
as assumed in Technology 2025, the other crop sector will compete with the grain 
sector for claiming much more land and the livestock sector will put much stronger 
pressure on the grain sector for feed-grain production than we have assumed 
before. 
At the regional level, the highest requirements for net import of crop and 
livestock products correspond to the most developed regions East and South, 
closely followed by the better developed region North in the coastal zone as well. 
The traditional food export regions Northeast and Central continue to be the 
leading contributors to the national food pool, followed by the relatively backward 
region Northwest. The traditional food export region, Southwest, becomes one 
requiring a moderate net import of food. In terms of forest products, Northeast 
and the central government-run forest sector (including Plateau Region) continue to 
show their significant advantages in forest resource endowment, and the more 
industrialized regions in the coastal areas maintain to be net import regions. 
Whereas the region Southwest, which ranks second closely following the Northeast 
region in terms of rich forest resources, ends up with a moderate demand for net 
import.6 
6 For a recent assessment on regional distribution of China's forest resources, see Albers et al. , 1998. 
Table 7 
Deficit or surplus of the major agricultural products at regional and national levels in 2025 (in million Yuan) 
Economic sectors Rl-N R2-NE R3-E R4-C 
Grains 14 744 20 331 11 456 19 522 
Other crops -8457 8538 -34 470 18 319 
Livestock -18 926 3318 -41 014 16 046 
Forestry -5163 751 -55 1 -19 174 
Sum - 17 803 32 938 -64 579 34 713 
Negative numbers means deficit and positive numbers mean surplus. 
a Category '7-Regions' is the sum of Regions R 1- R 7. 
R5-S R6-SW 
10 402 12 154 
-22 431 -19 694 
- 17 353 -27 19 
- 12 383 -85 
- 41 765 - 10 345 
R7-NW 7-Regions" Chi nab 
11 565 100 173 18 106 
6787 -51 408 - 137 562 
3151 -57 497 - 104 133 
- 1969 -38 574 -34 182 
19 534 -47 306 -257 771 
b Differences between the categories 7-Regions and China represent the combinat ion of Plateau region and the central government-run economic sector. 
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Putting the seven regions together, their aggregate deficit in the livestock and 
other crop sectors can be balanced by their aggregate surplus in grain produc-
tion. This would mean that there were no agricultural surplus left to meet the 
demand of the central government-run economic sector and to fill the food 
deficit of the Plateau Region, which has historically depended on food transfer 
from other regions to meet a large proportion of its food demand . 
Both the above assessments of desired productivity growth and import 
strongly suggest that in order to meet the foreseen demand increase for major 
agricultural products, China needs to make greater efforts to improve land pro-
ductivity in the cropping, pasture, and forestry sectors. China also needs to 
modernize its feeding mode in a fast pace in order to increase both output and 
efficiency in the farm-based livestock sector. 
6. Concluding remarks: implications for future land-use change 
In this paper, a set of diverse scenarios have been developed to show how 
population growth, changes in lifestyles, levels of urbanization and migration, 
and per capita income growth during the next decades might affect the demand 
for different types of land in China. Given the moderate pace of technological 
progress, as assumed in the scenario Technology 2025, the resultant increases in 
final demands and sectoral outputs would drive the associated land requirements 
to exceed the then available land area. All three land categories face shortages 
for the most-aggregate scenarios. If the traditional policy of grain and food 
self-sufficiency were maintained intact, to keep the farmland requirement feasible, 
an annual growth rate of cropland-productivity of about 1.28% would be re-
quired. Taking into account the implicit substitution between the productivity 
growth rate of the grain sector and that of the livestock sector, an even higher 
rate would be required to make a proper balance between these two sectors. On 
the other hand, it is widely believed that due to current inefficiencies and struc-
tural problems, land productivity in China's cropping agricultural sector may 
have ample room to significantly increase above current levels even without 
having to rely on future technologies but by further exploiting the best currently 
available practices (Ministry of Agriculture, 1998, 1999). With the help of newly 
available technology in the next two decades, China's cropping agriculture would 
have a great potential to reach a higher land productivity growth than 1.3% per 
annum. 
To realize the desired productivity gains in the cropping sector, large invest-
ments are needed to develop additional and efficient water supplies by improving 
irrigation systems, as well as by increasing efficiency of on-farm use of water. 
The most significant contribution of sustainable and extended irrigation will 
occur in the regions North and Northwest. According to a recent AEZ assess-
ment over the water issue in China (Heilig et al. , 2000), if geophysically feasible 
irrigation can be guaranteed in these two regions, irrigation would be able to 
boost the gross grain production potential by about 100 million tons in the 
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North and by 45 million tons in the Northwest, as compared with purely rain-fed 
cropping. 
In terms of increasing application rate of fertilizer, new facilities using modern 
technologies for fertilizer production and imports will be necessary. Currently, 
China is importing some 20-25°/r, of internationally traded fertilizer to meet about 
30% of its fertilizer nutrient needs (World Bank, 1997a). 
A well-known alternative to the policy of self-sufficiency is the import 
of grains. However, one bottleneck for this is the lack of infrastructure 
facilitating imports, such as port handling equipment and transit storage. Here, 
large investments are needed to improve grain-handling efficiency (World Bank, 
l 997a). 
Further productivity growth is also required to compensate for loss and degrada-
tion of available cropland. Currently, much converted cropland to non-agricultural 
uses is used inefficiently by land-extensive development projects and 'horizontal' 
expansion of urban agglomerates. Strict measures must be implemented and 
enforced to minimize construction-related losses of cultivated land. China needs 
concepts for infrastructure development that minimize land requirements, especially 
in the rapidly developing coastal provinces. 
Given today's practice in livestock production, China will have great difficulties 
to meet increasing demands for animal products. Transformation of livestock 
production from the peasant's backyard feeding mode and sedentary grazing to 
medium and large-scale 'factory' type of production systems, with growing 
dependence on modern feeding methods and genetic techniques introduced 
from abroad, has already begun . The shortage of grassland can be partly 
overcome by increasing the already high share of feed-grain production, but in 
doing so increasing the pressure on cropland. The competition between 
livestock production and urban and industrial uses for grassland is less pronounced 
than in the case of cropland due to its remote location from economic growth 
centers. However, the remoteness, prohibitive transportation costs and the lack of 
infrastructure pose severe hindrances for grassland to reach higher productivity 
rates . 
The remoteness of the locations of major forests also makes it difficult to 
improve land productivity. In addition, excessive harvesting and insufficient regen-
eration have caused long-term deficits in stocking. The increasing needs for timber 
logs from a growing economy and the enormous demand for residential firewood 
will require increasing efficiency as well. Policies are needed to encourage 
such efforts as improving forest management, increasing forest densities, and 
maintaining stable political and institutional environments for long-term invest-
ment. While the importance of forestland for protecting cropland in fighting soil 
erosion and desertification has already been widely recognized, active and massive 
responses are still missing. Direct investments in regional reforestation projects 
show already some visible and encouraging impacts at the national level (Albers et 
al., 1998, pp.27). The quality of these planted forests, however, is so poor that they 
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will not play any significant role in timber production in the near future (Yin, 
1994). 
To summarize, we can state that there is ample room for further growth 
in land productivity of major land use sectors of China's economy. However, it is 
uncertain that sufficient investments for the agricultural sector will be provided . 
The political goal of self-sufficiency in (regional) grain production will 
certainly collide with its high opportunity costs given the higher productivity 
of land and water for urban and industrial uses. Increasing shortages in land 
resources might lead to increasing interest in remote areas and to closer ties across 
the regions within China as well as to closer trading relationships with other parts 
of the world. 
The results of our study have to be viewed with caution. Even if future 
land requirements could be satisfied, we have not yet assessed the sustainability of 
the utilization of land by the various economic sectors. Also questions of 
diversity are not addressed . For example, decreasing diversity and elimination 
of old growth forests may be considered the most serious environmental problem in 
the forest sector (Rozelle et al., 1998). In the cropping agricultural sector, the 
reclamation and yield growth potential are largely dependent on irrigation and 
water control. At this point of the I - 0 analysis, we do not make any estimation of 
water availability and its effects on future land-use changes. In addition, 
some productivity growth scenarios presented in this paper imply a higher 
use of pesticides, fertilizer, fossil fuel and equipment. In this regard, future work 
should also pay attention to the energy needs, the emission of greenhouse gases, 
and other pollutants accompanying with the various development and technical 
options of the primary sectors. Another direction for future work may be to 
incorporate the possible impacts of climate changes into the I - 0 modeling 
framework . 
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